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REACTIONS TO TRANSFUSIONS OF BANKED BLOOD
Two YEARS' EXPERIENCE OF THE NEW HAVEN HOSPITAL
BLOOD BANK*
ROBERT I. CARLSON
The blood bank at the New Haven Hospital was established in
1940. Aftertwo years of operation, a study ofthe incidence oftrans-
fusion reactions is undertaken. During this two-year period (from
July 1, 1940, to July 1, 1942) 3388 transfusions of banked blood
were given.
Numerous studies of the incidence of reactions in stored whole
blood transfusions have appeared in the literature. Reactions have
been noted in from 2 per cent to 20 per cent of the number of trans-
fusions given, the majority of the figures ranging from S to 12
per cent.
Cameron reported an incidence of 7.4 per cent in a thousand
transfusions. Riddell, in 100 transfusions, noted reactibns in eleven.
Belk's review of 400 transfusions noted an incidence rate of 11.8
per cent. Diggs and Keith reported 2140 transfusions, 8.1 per cent of
which had reactions. DeGowan and Hardin noted a reaction inci-
dence of 4.8 per cent in 2128 transfusions. Jewesburg, in England,
noted reactions in 19.8 per cent of 389 transfusions. Wiener
reported an incidence of chills and fever in 2 to 3 per cent, and, in
1940, Lundy and his co-workers at the Mayo Clinic studied 3723
transfusions with a reaction incidence of 9.32 per cent.
Materials and Methods
During the period of study 4038 pints of whole blood were deposited in
the blood bank. Friends and relatives of hospital patients acted as blood
donors. Each prospective donor received an appointment, together with
instructions to fast for at least 4 hours prior to the time of donation.
The appointment system was arranged so that 10 or 12 donors could be
bled at a centralized donor station during a three-hour period each evening
during the week. Provisions were also made for the receipt of blood dona-
tions at other period3 during the day. During each donation period, a mem-
ber of the junior resident staff was responsible for drawing the blood.
Although each prospective donor was not examined by the attending doctor,
each was presumably healthy, and gave no history of allergy, malaria, lues,
or recent infection. Using a sterile technic, the blood was drawn into,sterile
500 cc. flasks to which 50 cc. of sodium citrate solution had been added before
the venepuncture was done. In order that the donor's blood grouping and
serology could be determined without opening the tightly capped sterile flask,
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a separate 10 cc. sample was obtained. The whole citrated blood was then
taken to the blood bank, where it was stored at a temperature of 40 C.
An experienced laboratory technician, trained in serology, was responsible
for the successful operation of the blood bank under the supervision of a
member of the senior staff of the hospital. After the serology of each donor
had been determined by the hospital serologist, the blood grouping was carried
out by the bank technician. Each flask of Kahn-negative blood was then
entered into the bank under its respective blood grouping until it was used as
a transfusion. Blood showing evidence of bacterial contamination, coagula-
tion, gross hemolysis, or with inadequate cells and serum for the determination
of grouping and serology was discarded. During the two-year period, 47
pints of blood were thus disposed of. The cross-matching before transfusion
was performed in each case by the technician, or by an experienced house
officer if an emergency transfusion was necessary at night. This procedure
was carried out at room temperature, the microscopic examination of the mixed
cells and sera being made at the end of about 30 minutes. Blood which was
not used within 8 days after collection was converted into plasma. The
pooled blood plasma (500 cc.) thus obtained was then returned to the bank
to be used for plasma infusions as need presented.
All equipment used in the operation of the bank was prepared in the
Surgical Supply Department of the hospital. The routine technic consisted
of a thorough cleansing of the used equipment with hydrogen peroxide and
tap-water, followed by thorough rinsing of the rubber tubing and glassware
with distilled water. All metal appliances were scrubbed with a cleansing
powder. After the assembly of the apparatus it was autoclaved for 30 minutes
at 23 to 25 pounds pressure (250°-260° F.).
Each transfusion was given by the gravity method, using a Murphy drip
attachment to control the rate of administration. In each case, the blood
was filtered through a layer of sterile, stainless steel beads, which were added
to the flask of blood at the time of transfusion. The rate of flow of the
blood varied with the judgment of the individual doctor performing the
transftusion-the average rate being from 250 to 300 cc. per hour. No
attempt was made to control the temperature of the administered blood, the
temperature ranging from that of stored blood (40 C.) to room temperature.
After each transfusion the doctor filled out a brief transfusion record which
described any transfusion reactions which may have occurred. These trans-
fusion records were returned to the bank and filed. It was by means of
these reports, together with a review of the hospital records of those patients
having reactions, that this study was made.
Results
The classification of blood transfusion reactions is fairly uniform
among the various investigators of these reactions. It is only in the
classification of the febrile reactions that authors vary in their
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criteria. In the present study the febrile reactions were divided
into two groups-Grade I, including those cases in which no frank,
shaking chill occurred, but in which there was a temperature rise not
higher than 1010 F., and Grade II, in which a fever greater than
1010 F. was encountered, accompanied by a frank chill.
A transfusion reaction incidence of 6 per cent was found in this
study, and 80.4 per cent of the total number of reactions were of
the febrile type, that is, exhibiting a febrile response during or
shortly after the transfusion, with or without a shaking chill. In
this group, no allergic manifestations were noted, and no evidence
of intravascular agglutination or hemolysis was found. Of this
group, 96, or 58 per cent, of the febrile group, or 47 per cent of
the total number of reactions, were of the shaking chill variety.
This type of reaction is of greater significance than is the Grade I
febrile reaction, in that, as Riddell has pointed out, the additional
burden on a weakened myocardium incident to the exertion of a chill
may precipitate myocardial failure. In no case in this study did this
latter complication occur.
TABLE I
Fe-k bi , Cardio-vascular Hemoglo-
Grade I Grade ll Reactions binuria Jaundice Allergy Anaphylactic
0 24 33 1 3 3 15 1
A 23 37 2 - - 8 -
*B 14 16 - - - 1 1
AB 7 9 - _ - 4 _
Total 68 95 3 3 3 28 2
* The high incidence of reactions in Group B transfusions is attributed to two
patients who had multiple transfusions with numerous reactions. In the remainder
of the recipients in this group, the incidence of reaction was no greater than among
recipients in the other blood groups.
The reported allergic reactions, excluding those classified as
anaphylactic, constituted 14.2 per cent of the total number. These
reactions ranged in severity from those cases in which an occasional
wheal was noted to those in which a generalized itching rash with a
febrile response was observed. These reactions were usually quite
mild, and served to annoy the patient rather than having anv detri-
mental effect on the patient's general condition.
In 11 cases, 5.4 per cent of the total number of reactions, or 0.32
per cent of all transfusions given, more serious complications were
169YALE JOURNAL OF BIOLOGY AND MEDICINE
encountered. It was in this group that the single transfusion reac-
tion death occurred. This patient, a nephritic with a severe sec-
ondary anemia, had had numerous transfusions in the past, several
with febrile reactions. Because of this fact, the blood was carefully
cross-matched for one hour, and was found to be compatible by
the usual criteria. After 350 cc. of the transfused blood had been
given, however, the patient had a severe chill, and complained of
pain in the lumbar region. Shortly thereafter, the patient had a
convulsion and became comatose. In the course of 18 hours the
patient's condition became steadily worse with hemoglobinuria,
oliguria, and repeated convulsions. Death occurred 20 hours after
transfusion. A re-cross-matching of the patient's blood and the
donor's cells and serum after the reaction showed no evidence of
agglutination.
Hemoglobinuria was noted in two other patients (0.05 per cent)
following transfusion. In each case, the patient had an immediate
chill and temperature rise during the course of the reaction. Each
patient also complained of generalized muscular aching, with some
lumbar backache. On examination of the next voided urine speci-
men, formed blood elements and albumin were noted for the first
time. In each case, the abnormal urinary findings were transient,
no oliguria resulted, and the blood non-protein nitrogen remained
within normal limits. One patient's icterus index was determined
on the day following transfusion, and was but slightly elevated (12
units). There is no record of a post-transfusion icterus index on the
chart of the second patient. In each case, the patient had a mild
hemolytic reaction without serious sequelae.
In three other patients (0.08 per cent) unexplained jaundice was
noted as a complication of blood transfusion. Two of these patients
received a transfusion while under anesthesia. On the second
andthird postoperative days apainless icterus was noted. In neither
case was there evidence ofhemoglobinuria. Byinference, at the time,
it was thought that the icterus may have been caused by a transfusion
reaction, the other signs of which were obscured by anesthesia. In
the remaining case, a jaundiced patient with cirrhosis of the liver
received atransfusion, and had a febrile reaction. Shortly thereafter
the icterus index rose, despite no other evidence of hemolysis. This
rise may have been independent of any transfusion response.
In each of two cases (0.05 per cent), the recipient had a severe
allergic reaction associated with marked dyspnea, substernal pain,
generalized muscular aches, and a sharp drop in the systolic blood
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pressure. In each instance, the patient had very poor color and
momentarily appeared as if about to expire. In neither of these
anaphylactic reactions was there any evidence of a hemolytic trans-
fusion reaction. Each of these patients recovered from the severe
reaction after treatment with repeated doses of adrenalin and other
supportive measures.
Three patients (0.08 per cent) had cardio-vascular embarrass-
ment during the course of a transfusion, each complication being
characterized by tachycardia with irregularities of cardiac rhythm,
dyspnea, andcough, together with signs of early cardiac failure. In
each case the patient was elderly with signs of pre-existing cardio-
vascular disease. Each patient recovered rapidly with cessation of
the transfusion and supportive measures.
Discussion
Knowledge of the etiological factors causing transfusion reac-
tions is still incomplete despite the great interest shown in these
phenomena in the past three decades. Although numerous theories
have been advancd, the pathological physiology of these reactions is
equally obscure.
Ofthe complications of blood transfusion, the hemolytic reaction
is the most serious and the one most frequently fatal. This type of
reaction usually occurs as a result of the administration of blood
which is incompatible with respect to the major blood groups, with
resultant intravascular agglutination and hemolysis. Many authors
feel that in all hemolytic reactions intergroup incompatibility can be
demonstrated by repeating the cross-matching. In each hemolytic
reaction encountered in this series, a post-transfusion cross-matching
failed to reveal anyevidence of mismatching.
In contrast to the view that intergroup incompatibility is the
cause of all hemolytic reactions, other investigators feel that these
reactions may becaused by irregular iso-agglutinins present in bloods
ofthe same type. These irregular iso-agglutinins have been defined
as iso-agglutinins which are not found regularly in the pattern of
blood groups andtypes, in contrast to the A, B, M, N, and P factors.
As early as 1911 von Dungern and Hirszfeld noted that the agglu-
tinogen A occurs in two forms, a strongly agglutinable A, and a
weakly agglutinable A2. About four-fifths of the A and AB
bloods have the stronger A1 factor-the remainder have the weaker
A2 factor. At the present time four sub-groups. have been recog-
nized: A1, A2, A1B, and A2B. A qualitative difference appears to
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distinguish these factors so that they are considered to be irregular
iso-agglutinins rather than quantitative variants of the major factors.
Although the importance of these factors lies chiefly in difficulties
they may cause in the proper typing of blood, they may under cer-
tain circumstances be the cause of hemolytic reactions in -hat their
presence is not detected by a conventional cross-matching. In some
cases reported, the agglutinins a., and ac2, corresponding to the
agglutinogens A1 and A2, have been found to have the characteristics
of the so-called "cold" agglutinins-showing agglutinating proper-
ties at low temperature (5°-100 C.) but not at room temperature.
Some investigators, chiefly Davidsohn, feel that blood containing
such "cold" agglutinins, when administered to a patient at a tempera-
ture lower than that at room temperature, may cause a transfusion
reaction. Since each cross-matching in this series was carried out at
room temperature, it is conceivable, although unlikely, that such
undetected irregular iso-agglutinins may have caused some of the
transfusion reactions.
Probably the most important iso-agglutinin is that directed
against the Rh factor, first described by Landsteiner and Wiener in
1940. It has been shown that Rh-positive blood, administered to
a previously sensitized Rh-negative recipient, will cause a severe,
frequently fatal, hemolytic reaction. The incompatibility of the
cells and sera of the donor and recipient is not evident when the
conventional cross-matching technic is used. During the period con-
sidered in this study, determinations of presence of the Rh factor
were not a routine procedure, so it is not known if this type of
incompatibility was responsible for any of the hemolytic reactions
encountered.
The factors involved in the production of allergic reaCtions are
even more obscure than are those responsible for other types of
reaction. It is well recognized that recipients of multiple trans-
fusions are prone to develop allergic manifestations to subsequent
transfusions. Wiener feels that the presence of antibodies produced
as a result of a previous transfusion is the causative factor in these
allergic reactions. In this series the incidence of reactions was found
to be greater in patients having multiple transfusions. The presence
in the donorserum of an ingested split-protein, to which the recipient
is sensitive, is also considered a factor in these reactions. It was
found in this series that few of the patients gave a positive allergic
history prior to the development of an allergic reaction. Also, the
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importance of this factor was minimized by the use of blood drawn
at least four hours after the ingestion of food by the donor.
In a consideration of the factors causing febrile reactions, most
investigators feel that pyrogenic substances, present as a result of
the improper preparation of the equipment used in drawing and
administering the blood, are of paramount importance. In 1933
Lewisohn showed that the incidence of febrile reactions could be
reduced from 12 per cent to 1 per cent by painstaking precautions
in the preparation of the transfusion equipment. Kilduffe and
DeBakey state that an incidence of febrile reactions greater than
5 per cent points toward improper preparation of equipment.
Although this estimate would tend to exonerate this factor in our
series, it was found that febrile reactions tended to occur in cycles,
that is, a series of febrile reactions occurred in rapid succession in
a short period of time, to be followed by a period in which few
reactions were observed. This finding may be merely a coincidence,
or it may point to minor breaks in the technic of the preparation
of equipment.
The rOle of other factors in the production of febrile reactions is
controversial. In general, it is felt that the rate of administration
and the temperature of the blood are of little importance in the
causation ofreactions. As noted above, thetemperature oftheblood
and the rate of the administration varied with the judgment of the
individual doctor performing the transfusion. These factors may
have played a role in the production of the febrile reactions. Simi-
larly, the importance of hemolyzed blood as a cause of febrile
reactions has been stressed by some workers. In this series all blood
showing evidence of gross hemolysis was discarded. The attending
doctor was also instructed not to agitate the blood before use, to
minimize the hemolyzing effect of trauma. However, this factor
was not completely controlled, and may have been of importance in
the production of reactions.
It is well known that the incidence of transfusion reactions, par-
ticularly in the febrile type, varies directly with the degree of care
with which the result ofeach transfusion is studied during the imme-
diate post-transfusion period. This factor, together with the variety
of criteria used in the diagnosis of a transfusion reaction, accounts
for the fairly wide range of reaction incidence reported in the litera-
ture. The ideal study of these complications is that carried out by a
single observer, who personally investigates the effect of each trans-
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fusion as it is given. The review of this series was not carried out
in this manner, but it is felt that due to the large number of cases
studied the results are valid with a relatively small margin of error.
Summary
1. The early operative record of a hospital blood bank is
analyzed.
2. During a two-year period 3388 transfusions of banked blood
were eiven.
3. Reactions occurred in 6 per cent of the transfusions.
4. Of these reactions 11, or 0.32 per cent, of the total number
of transfusions given were considered to be serious transfusion reac-
tions. These included 3 hemolytic reactions, 3 cases of jaundice
without other evidence of hemolytic reaction, 2 anaphylactic reac-
tions, and 3 cases in which cardio-vascular embarrassment was caused
by a transfusion.
5. There was 1 death as a result of transfusion.
6. A brief discussion of the causes of transfusion reactions is
included.
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